A number of studies have demonstrated the influence of nicotine on fetal development. This study determined the expression of choline acetyltransferase (ChAT), vesicular acetylcholine transporter (VAChT), and high-affinity choline transporter (CHT1) in the forebrain and hindbrain following chronic prenatal nicotine exposure in the rat fetus (maternal rats were subcutaneously injected with nicotine at different gestation periods). We also measured the effect of chronic nicotine exposure on fetal blood pO 2 , pCO 2 , pH, Na + and K + concentrations, as well as lactic acid levels. Maternal nicotine exposure during pregnancy was associated with a decrease in fetal pO 2 coupled with a significant increase in pCO 2 and lactic acid as well as restricted fetal growth. Additionally, maternal nicotine administration also reduced ChAT, VAChT, and CHT1 mRNA levels in the fetal brain. Nicotine-induced fetal hypoxic responses and reduced cholinergic marker expression in the brain were more severe when nicotine was started in early gestation. Our results provide new information about the effects of repeated exposure to nicotine in utero on the expression of central ChAT, VAChT, and CHT1 in the rat fetus. These results indicate that repeated hypoxic episodes or/and a direct effect of nicotine on the central cholinergic system during pregnancy may contribute to brain developmental problems in fetal origin.
Smoking during pregnancy induces a wide range of pathological abnormalities in both experimental animals and humans, including an increased mortality, low birth weight, sudden infant death syndrome, as well as dysfunction of the central nervous system (CNS) (Lichtensteiger et al., 1988; Slotkin et al., 1987; Birnbaum et al., 1994; Bassi et al., 1984; Leichter, 1989; Mochizuki et al., 1985; Theodore, 1998) . Nicotine exposure is a well known consequence of cigarette smoking. Nicotine can easily penetrate the placental barrier and affect the fetus in utero (Lichtensteiger et al., 1988) . A number of studies have demonstrated that cigarette smoking during pregnancy causes fetal growth retardation (Birnbaum et al., 1994; Bassi et al., 1984; Leichter, 1989.) . This study focused on the effect of episodes of hypoxia induced by a high dose of nicotine administrated subcutaneously to pregnant rats on the fetal brain and determined the effect of nicotine on oxygenic status and central cholinergic markers in the fetus.
The traditional method for collecting fetal blood samples is decapitation of the rat fetuses. The resulting fetal blood samples are mixture of arterial and venous blood, as well as other fluids. This makes analysis of blood values complicated and difficult. In the present study, we developed a method to collect fetal blood samples directly from the fetal heart in fetal rats for measurement of blood pO 2 , pCO 2 , O 2 saturation, pH, and lactic acid (Mao et al., 2007) .
Heavy smoking during pregnancy may cause brain problems in the offspring (Winzer-Serhan, 2008) , suggesting that the development of the fetus is significantly affected in utero. In central cholinergic systems, the neurotransmitter acetylcholine (Ach) is synthesized from choline and acetyl-CoA by choline acetyltransferase (ChAT) (Ohno et al., 2001) , and then translocated into synaptic vesicles by the vesicular acetylcholine 
